Objective:
INTRODUCTION
Alexander Graham Bell's invention, the telephone, fundamentally transformed person-to-person communications, allowing efficient and immediate voice contact between two remote parties [1] . In the almost 140 years since its introduction, this communications technology has experienced an explosive evolution. Mobile phones and personal digital assistants (PDAs) have been widely available to the public for almost three decades [2] . Wireless technology continued to advance rapidly and the mobile phone's most recent incarnation, the smart phone, has propelled growth in this technology and similar devices to the present day [3] . Like the introduction of computers into households across the articles published before 2003 were eliminated. A second search was conducted in early November 2014 to include new articles since the first search. Google Scholar and hand searches of full-article reference lists were also performed with each series of electronic database searches.
Searches were conducted using various combinations of terms in the following broad categories: psychiatry, adherence, technology, and Hispanic. Specific search terms have been summarized in Table 1 .
Two reviewers independently followed a three-step screening process to narrow down the list of studies for final evaluation in this systematic review: (i) screening by title; (ii) screening by abstract; and (iii) screening of full-text articles. Prior to moving forward, consensus was achieved at each step.
Data Extraction
Data extraction was performed by one reviewer who created three detailed evidence tables with the following information from each article: author, year, location, study design, sample size, population, setting, technology and intervention, comparators and main outcomes. Both reviewers confirmed accuracy of table data by re-checking against the original articles. Any data discrepancies were discussed and appropriate changes or corrections made. An additional column was added to each evidence table reflecting global quality rating.
Quality Assessment
Quality of the studies was evaluated using the Qualitative Assessment Tool for Quantitative Studies (QATQS) [26, 27] . Validity and reliability, in randomized as well as non-randomized studies, have been demonstrated for the QATQS [27, 28] . Eight components of quality are examined by the QATQS: (i) selection bias, (ii) design, (iii) confounders, (iv) blinding, (v) data collection, (vi) withdrawals and drop-outs, (vii) intervention integrity, and (viii) analysis appropriate to question. Ratings of strong, moderate or weak are assigned to each of the first six components, in accordance with the tool's guide and dictionary. These individual ratings are combined to produce a global quality rating ( Table 2) . Each reviewer performed an independent evaluation, then both came together to discuss discrepancies and arrive at 100% agreement on final study quality ratings.
Article Evaluation
Each article was analyzed in the context of technology used, population and medical specialty area. Three detailed evidence tables were created, grouping articles by phone technology, population, and specialty and including summarized information from each article, as well as quality rating per the QATQS [26] .
RESULTS
Initial literature searches yielded 1, 757 articles from the databases and hand searches yielded an additional 22 articles (Fig. 1) . Fifty articles were duplicates, leaving 1, 729 articles to be screen by title and abstract. Of these, 1, 384 were excluded on title and 176 were excluded on abstract. After full-text assessment of 169 articles, 21 were retained in the final list for qualitative synthesis [29 -49] . The articles were grouped as follows for analysis: (i) four articles using phone technology in psychiatry with Hispanic populations [34, 36, 40, 49] , (ii) seven articles using phone technology in psychiatry with non-Hispanic populations [29, 35, 37 -39, 43, 47] , and (iii) ten articles using phone technology in other specialties with Hispanic populations [30 -33, 41, 42, 44 -46, 48] . For all articles, phone technology was defined as telephone, cell, or smart phone. The term psychiatry encompassed articles specific to the field, as well as articles in other disciplines that targeted psychiatry-specific outcomes. Of the 21 studies, ten were randomized controlled studies (RCTs) [29 -31, 33, 34, 40, 41, 46 -48] , nine were cohort studies [32, 35 -38, 42, 44, 45, 49] and two were controlled clinical trials (CCTs) [39, 43] . With one exception [29] , all articles reported on studies conducted in the United States.
Technology Use in Psychiatry with Hispanic Populations
Four articles (two RCTs and two cohort studies) [34, 36, 40, 49] described interventions using phone technology in Hispanic populations with outcomes specifically in the realm of psychiatry. Details regarding these studies can be found in Table 3 . A total of 2, 205 participants were included in the studies, the majority in safety net populations [40, 49] and the remainder in the general population [34, 36] . Two articles [34, 40] were of strong quality while one each were found to be of moderate [36] and weak [49] quality [26] . All four articles used phone technology interventions for mental health outcomes, though none specified the type of phone used in the intervention. Two articles described studies in breast cancer survivors; one used telephone psychoeducation to address depression in this population [34] and the other used therapy and cancer education to help with more general mental health support [36] . The other two articles addressed studies using phone technology for depression in individuals with diabetes; the first provided collaborative care using the telephone [40] and the second used a telephone interactive voice response (IVR) system [49] . Two articles [34, 40] reported improvement in depressive symptoms. Additionally, one of these articles [40] noted ongoing depression treatment and overall improvement in quality of life, but did not report significant differences in clinical outcomes for diabetes as a result of the intervention. A third article reported significant improvements in psychological, physical, social, and spiritual QOL [36] . The remaining article [49] did not report any outcomes as it described a study currently underway.
Technology Use in Psychiatry with Non-Hispanic Populations
Phone technology interventions in non-Hispanic populations targeting outcomes in the area of psychiatry are described in seven articles (two RCTs, two CCTs, and three cohort studies) [29, 35, 37 -39, 43, 47] . Study details are described in Table 4 . These studies included a total of 45, 767 participants. Four studies included subjects from the general population [35, 38, 39, 43] , two studies involved people who had completed inpatient programs [29, 47] and one study recruited from a federally qualified health center (FQHC) [37] . Two articles were rated strong in quality [29, 47] , two were rated moderate [37, 39] , and the remaining three were rated weak [35, 38, 43] .
Three articles described the use of cell or mobile phone interventions [29, 37, 43] while the remaining four did not specify the type of phone used in the intervention [35, 38, 39, 47] . The three articles using mobile phone interventions all did so in participants with substance abuse problems. One pilot study conducted in Ireland used a text messaging intervention in a group of patients diagnosed with depression and alcohol abuse [29] . Another pilot used IVR in the dually-diagnosed homeless population [37] . The last of these articles used cell phone cameras to take pictures of morning medications of methamphetamine-dependent individuals [43] . Of the remaining four articles, three involved counseling or support call interventions for patients with depression [35] , serious and persistent mental illness (SPMI) [39] and posttraumatic stress disorder (PTSD) in veterans [47] , while one used IVR technology in depression [38] . Of five articles addressing medication adherence, four reported improvements or high levels of adherence [35, 37, 39, 43] and one reported no significant impact to adherence, though age was identified as a confounder [38] . In addition, one study reported greater likelihood of therapy continuation, improvements in refill timeliness, symptom burden and severity, and mental quality of life (QOL) with no improvements in physical QOL [35] . Other studies reported high ability to reach participants using technology and subjective improvements in communications [37] , as well as decreased emergency department (ED) utilization [39] and usefulness of the technology in measuring adherence [43] . The article focusing on depression and alcoholism reported improved depression, abstinence, and functioning, while noting no significant difference in compulsion to drink [29] . Lastly, the study addressing PTSD reported no significant differences in PTSD or depression, aggressive behaviors, alcohol or drug problems, QOL, time to rehospitalization, or engagement in care [47] .
Technology Use in Other Specialties with Hispanic Populations
Ten articles fell into the category of phone technology use with Hispanics in other medical specialty areas (six RCTs and four cohort studies) [30 -33, 41, 42, 44 -46, 48] . Details of these studies are listed in Table 5 . A total of 1, 615 participants were included in these studies. Subjects were recruited from general populations for three studies [30, 44, 45] , safety net populations for three studies [31 -33] , FQHC for two studies [42, 48] , and one each from county health department [41] and community settings [46] . Using QATQS rating criteria [26] , two articles were determined to be of strong quality [31, 48] , five of moderate quality [30, 32, 33, 41, 46] , and three were considered of weak quality [42, 44, 45] .
Eight articles described the use of cell or smart phone technology as the study intervention [31 -33, 41, 42, 44, 45, 48] , while two did not specifically describe the type of instrument used [30, 46] . The eight cell phone studies represented a variety of populations. Three articles described studies using text messaging in subjects with diabetes [32, 33, 42] ; two of these were pilot studies [32, 42] . Three more pilot studies of text messaging were conducted with participants who were pregnant [41] , overweight or obese [45] , and in patients with hypertension [48] . One text messaging intervention was used in post-emergency department (ED) follow-up patients [31] and one pilot intervention study used IVR in healthy construction workers [44] . The two interventions that did not specify the type of phone included one study that made calls to women about mammography [30] and another using telephone IVR in individuals with diabetes [46] . Four studies focused on diabetes management. One article described improvements in healthy behaviors, selfefficacy, and medication adherence, but no improvement in disease knowledge [32] . A second article also reported improvements in these same areas, in addition to improved clinical outcomes, disease knowledge, and QOL, most notably in the Spanish-speaking subgroup, but all lacking statistical significance [33] . A third article reported a high response rate to prompting for glucose monitoring but no improvement in appointment attendance rates [42] . The last article in the diabetes management group described two studies, the first of which did not use phone technology but provided participants for the second study that did use technology. The latter study yielded significant improvement in glucose monitoring [46] . The remaining articles discussed studies that targeted a wide range of health outcomes. In one article, increased screening mammograms were reported. Though the increase itself was not statistically significant; some predictors with significance include age, study group, prior mammograms, knowledge of when to begin getting mammograms [30] . Significant improvements were demonstrated in post-ED follow-up visits [31] , health beliefs regarding preparation for motherhood [41] , and weight management behaviors and clinical indicators [45] . One study showed improvements in resting and ambulatory blood pressure (BP), with significance in the former outcome measure, as well high levels of program acceptability and adherence [48] . One final article discussed demonstrated adherence to health diary keeping [44] .
DISCUSSION
This systematic review identified and evaluated studies using phone technology interventions in outpatient populations published between 2003 and 2014. Specific focus was placed on Hispanic patients and psychiatric populations. Using QATQS criteria [26] , six articles were assessed as strong [29, 31, 34, 40, 47, 48] , eight were moderate [30, 32, 33, 36, 37, 39, 41, 46] , and seven were weak in global quality [35, 38, 42 -45, 49] .
Studies included in this review demonstrate the variety of settings, patient populations, and health outcomes for which phone technology was used successfully. Eighteen studies yielded improvements in their outcome measures. Only two articles reported no improvements or equivocal results [38, 42] and one article reported no results at all, as it is an active study [49] . The types of phone technologies most frequently used in the articles were direct communication, in seven studies [30, 34 -36, 39, 40, 47] , text messaging, in seven studies [29, 31 -33, 41, 42, 45] , and IVR, in five studies [37, 38, 44, 46, 49] . Two other studies each used camera [43] and a smart phone application (app) [48] . Most articles specifying the use of cell phones were unclear as to type of phone, and only one study specifically mentioned the use of a smart phone intervention. Given the trend toward increasing smart phone ownership over basic cell phones [8] , future studies would do well to capitalize on the myriad specialized functions of these communication devices.
Phone Technology
In studies with Hispanic participants, text messaging was the phone technology used most often, cited in six articles [31 -33, 41, 42, 45] , followed by direct communication, described in four articles [30, 34, 36, 40] , IVR, in three articles [44, 46, 49] , and smart phone app, in one [48] . These findings are in line with reported rates of cell phone ownership and use [5, 6] . In contrast, studies in psychiatry favored direct communication, usually in the form of some sort of phone-based counseling or education, and cited in six studies [34 -36, 39, 40] ; IVR was used in three articles [37, 38, 49] , while text intervention was discussed in only one article [29] , as was cell phone camera [43] . The preference for direct communication is not surprising in a field where face-to-face meetings are the treatment norm. Though text messaging was only used in one article for psychiatry, the success of this type of intervention in Hispanics suggests that this form of technology could be helpful in other populations as well.
Patient Populations
All reviewed articles described studies conducted in outpatient populations in the U.S. except one, which took place in Ireland. Two-thirds focused on Hispanics [30 -34, 36, 40 -42, 44 -46, 48, 49] and over half were in psychiatric settings or targeting psychiatric outcomes [29, 34 -40, 43, 47, 49] . In contrast to previous reviews, this represents an increase in and, possibly, a trend toward technology research in populations where health disparities and stigma have previously been barriers to care.
Health Outcomes
The main outcomes reported by the studies in this review were quite varied, yet common threads were found among articles. The four articles that focused on psychiatric issues in Hispanics [34, 36, 40, 49] discussed depressive symptoms, QOL, and depression care, though one article did not publish results as the study was still ongoing [49] . In each of the three articles presenting results, health outcomes showed improvement with the intervention, although one article reported positive results in both the intervention and comparator groups [36] .
In the seven articles discussing interventions for psychiatry in non-Hispanics [29, 35, 37 -39, 43, 47] , outcomes measured included depression and PTSD symptoms, substance use issues, medication adherence, treatment continuation, QOL, ED use, time to rehospitalization, and engagement in care. Four of these articles [29, 35, 39, 43] reported improvements in health outcomes due to the intervention. In one study medication adherence was not significantly impacted but age was determined to be a confounder [38] , and in another no significant differences were noted in any of the PTSD outcomes reported [47] . Two pilot studies were included in this group and yielded good results with interventions in substance-use populations [29, 37] .
The grouping of ten articles where interventions were studied for other healthcare specialties in Hispanic populations [30 -33, 41, 42, 44 -46, 48] described the most diverse set of outcomes, with positive results attributed to the interventions in six of the studies. Significant outcomes were reported in healthy behaviors, self-efficacy, and medication adherence [32] , appointment adherence [31] , health beliefs [41] , weight management [45] , glucose monitoring [46] , and resting blood pressure [48] . One study reporting improvements in numerous outcome areas noted that all improvements were greater in the subgroup of Spanish-speakers, though none were of statistical significance [33] . This grouping of articles also contained six pilot studies [32, 41, 42, 44, 45, 48] that, in addition to reporting positive results, demonstrate acceptability and feasibility.
SUMMARY
Results from the studies conducted in Hispanic populations demonstrate that the use of mobile phone technology was successful and feasible across a variety of disciplines, providing evidence of positive, if not significant improvements in health outcomes. In particular, studies using text messaging interventions yielded promising results, showing that Hispanics can be targeted using this form of technology to achieve improvements in health behaviors and overall personal healthcare. A smart phone app was also shown to be a promising intervention in the Hispanic population. Overall, the literature indicates that Hispanics, as a group, are receptive and responsive to the more advanced technological features of mobile phones, and more interventions using these technologies should be undertaken.
The articles in this review also demonstrate that psychiatry, as a discipline, has not fully embraced all that technology has to offer. This is evident in the prevalence of more basic telephone and mobile modalities, such as voice and IVR, in the studies. The successful intervention among the psychiatry-focused studies using text messaging provides support for the use of more advanced mobile technology in psychiatry. Despite efforts toward reduction, a great deal of stigma surrounding mental illness remains that can, and often does, directly influence care access and continuity. The evidence shown in the literature suggests that the use of advanced mobile and smart phone technologies could provide a bridge to pharmacological and non-pharmacological treatment and appointment adherence, as well symptom reduction and improved mental well-being. Benefits realized in other disciplines, such as improvements in health attitudes, beliefs, and behaviors, including better symptom monitoring, could also be achieved in psychiatry if mobile technologies were exploited to their full capabilities.
LIMITATIONS
This review contained several limitations. The review included only English language articles and all studies but one were conducted in the U.S., which may introduce bias. Since phone technology is evolving at such a rapid pace, this review may not have captured very recent studies that may quickly be changing the state of the science. A meta-analysis was not done in this review due to the clinical diversity of the articles.
CONCLUSION
While studies have been conducted on the use of cell and smart phone interventions, few of them have focused on Hispanic patients and psychiatric populations. The articles in this review show that various types of phone technology can be helpful to patients in diverse populations. Text messaging, IVR, direct communication and smart phone app interventions have all demonstrated success in improving a variety of healthcare outcomes in these populations. These technologies can positively influence medication adherence, appointment attendance, QOL and engagement in care. Because of the high levels of ownership and generally low costs of interventions such as text messaging and smart phone apps, phone technologies can be easily adapted to numerous settings and populations and are valuable tools in efforts to increase access to care.
